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Abstract
Background -In December 1991 London experienced a unique air pollution episode during which concentrations of nitrogen dioxide rose to record levels, associated with moderate increases in black smoke. The aim of this study was to investigate whether this episode was associated with adverse health effects andwhether any such effects could be attributed to air pollution. Methods -The numbers of deaths and hospital admissions occurring in Greater London during the week of the episode were compared with those predicted using data from the week before the episode and from equivalent periods from the previous four years. Relative risks (RR) (episode week versus predicted) for adverse health events were estimated using log linear modelling and these were compared with estimates from control areas which had similar cold weather but without increased air pollution. Results -In all age groups mortality was increased for all causes (excluding accidents) (relative risk= 1.10) and cardiovascular diseases (1414); non-significant increases were observed for all respiratory diseases (1.22) , obstructive lung diseases (1.23) , and respiratory infections (1.23) . In the elderly (65 + years) the relative risk of hospital admission was increased for all respiratory diseases (1 19) and for obstructive lung diseases (1.43) , and a nonsignificant increase was observed for ischaemic heart disease (1.04). In children (0-14 years) there was no increase in admissions for all respiratory diseases and only a small non-significant increase for asthma. When compared with control areas the relative risks became non-significant but remained increased. Conclusions -The air pollution episode was associated with an increase in mortality and morbidity which was unlikely to be explained by the prevailing weather, a coincidental respiratory epidemic, or psychological factors due to publicity. Air The episode was publicised at the time and there was widespread public and medical concern about its possible health effects with reports from hospital doctors of an increase in hospital attendances, for asthma in particular. Our investigation aimed to determine whether the episode was associated with adverse health effects and, if so, to evaluate the possible role of air pollution. This paper reports the results concerning mortality and hospital admissions.
Fuller details may be found in our report to the Department of Health.5
Methods
For the purpose of analysis the episode period was defined as the seven day period from Thursday 12 December to Wednesday 18 December ("episode week"). The episode week was compared with the week prior to the episode (5-11 December) ("previous week") and with the corresponding dates (5-11 and 12-18 December) of the preceding four years ("control years"). The The results of the log linear analysis are shown in table 2. Relative risks were increased for all age/diagnostic categories except for ischaemic heart disease: age 0-64 (0 99). Risks with 95% confidence intervals (95% CI) not including unity were observed for all causes: all ages (1 10), cardiovascular: all ages (1 14), age 65+ (1 15) , and ischaemic heart disease: all ages (1P18), age 65+ (1P22). The relative risk for all respiratory: all ages was increased and significant at the 10% level (95% CI 0-98 to 1-51). Though not significant, the highest relative risks tended to be for respiratory causes of death. LONDON The results of the log linear analysis of the London data are presented in table 3. All the relative risks except for the 15-64 age group were greater than unity and significantly increased relative risks were observed for all respiratory diagnoses: age 65+ (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) (14) (15) (16) (17) (18) (19) . Significant increases were also observed for obstructive lung diseases: all ages (1.14) and age 65+ (1.43). In the age 65 + age group, risks were significantly increased for both chronic obstructive pulmonary disease (1 36) and asthma (1.97). For all ages the relative risks for respiratory diagnoses (1-04) and for ischaemic heart disease (1 -04) were increased but not significantly.
The relative risks observed in London were compared with those for the other areas and confidence limits were calculated (table 3) . Compared with England the risks were not significant or noticeably high. Compared with the south east, more of the risks were increased and two (obstructive lung diseases: age 65 + (1 -30) and chronic obstructive pulmonary disease: all ages (1-31)) were significant at the 10% level. Compared with Manchester there was little evidence of major differences and no risks were statistically significant. Depending on the control area, estimates of excess/reduced admissions for all respiratory admissions in London during the episode week ranged from -33 to 91, for obstructive lung diseases from -6 to 77, and for ischaemic heart disease from -25 to 23.
Discussion
Effects of the episode on daily mortality and admissions were not easily discerned by inspecting the time series plots and the evidence for adverse health consequences rests on the results ofthe log linear analysis. These generally indicate that, during the week of the 1991 air pollution episode, London experienced more deaths and hospital admissions than would have been predicted from data for control weeks, years, and areas. The increased relative risks were most consistent for mortality (all causes, respiratory, and cardiovascular) and for admissions for respiratory disease in older age groups. While only a few tests were statistically significant, it is notable that most of the risks were greater than unity, the value we would expect if there were no effect. Although chance remains one explanation, we feel that the evidence indicates that there may have been a real increase in health events at the time.
It is possible that publicity about the episode and its possible health effects could have influenced hospital admissions and we have no way of excluding this explanation. Where the effects of publicity have been investigated, no effects have been observed9; furthermore, this factor is unlikely to have affected mortality which was increased to a greater extent than admissions.
Analysis of a single episode is vulnerable to the coincidental occurrence of an increase in respiratory infections for reasons unrelated to air pollution. Influenza was not known to be present at the time of the episode, and the effects due to the annual increase in respiratory syncytial virus are unlikely since these tend to occur in January. However, many other respiratory viruses could be responsible and it is known that respiratory consultations in general practice were increasing nationally at the time (Dr D Fleming, personal communication). This explanation is less likely to account for the differences between London and the comparison areas, unless any epidemic occurred there at a different time. The occurrence of an influenza epidemic in one of the control years (1989) might have affected the resulting relative risks, but removal of this year from the analysis made little difference to the estimates of effect.
The excess mortality and admissions in London could have been caused by the prevailing cold weather,""'3 though it should be noted that central London was warmer than elsewhere. However, while comparisons of London with the rest ofthe south east and the rest ofEngland resulted in some reduction (and loss of significance) in the relative risks, these tended to remain increased; comparing London with England, the risks for all respiratory deaths (all ages) were very close to significance (1 25, 95% CI 0-99 to 1-57).
Air pollution is a plausible explanation for the increase in health events during the episode. There is good evidence that major air pollution episodes increase mortality and morbidity,' ' and time-series studies show associations between daily health events and levels of air pollution which are within current British and international standards. The strongest and most consistent evidence relates to particles.'516
The size ofhealth effect observed in this episode was close to that predicted by meta-analysis of particulate studies,'5'6 which suggests that the increase in levels of black smoke which occurred during the episode could explain some of the observed effects.
It is plausible that even a small effect of air pollution on lung function might be capable of causing the admission or death of individuals who are already on the brink of such an event.'718 This is consistent with our observation that relative risks were greatest among the elderly.
There is a widespread belief that air pollution episodes, including this one, are associated with an increased incidence of asthma attacks, particularly among children. Adverse effects on lung function in children have been detected during episodes of particulate pollution equivalent to that occurring in London in 1991, [19] [20] [21] and recent chamber studies have suggested that NO2 exposure, at levels encountered during the 1991 episode, may potentiate the bronchoconstrictor response to common aeroallergens.2223 The clinical and public health significance of these effects remains uncertain. Our findings do not support contemporaneous reports of an epidemic of paediatric asthma admissions during the episode, and suggest that asthma is not the disease outcome most sensitive to short term air pollution episodes of this type.
We conclude that air pollution is a plausible explanation for the increase in mortality and hospital admissions which occurred in the week of the episode. Although this episode is notable for the historically high level of NO2, the associated increase in black smoke -though small compared with previous decades -could have contributed at least in part to the increase in mortality and admissions.
